Fast atom bombardment (FAB) mass and MS/MS spectra of a novel quinone antibiotic are presented. Their interpretation is based upon the examination of reductive behavior of model quinones in FAB solvents. Saframycinsl1), a new family of antibiotics isolated from Streptotnyces2) and marine sponges3) have attracted considerable interest due to their antitumor activities4). They possess a unique skeleton containing a 1,3'-dimeric structure of two isoquinoline quinones5), and a stereo-controlled total synthesis has now been reported6). Recently we and another group have independently isolated a new isoquinoline quinone antibiotic 1 from a bacterial source7,8). This compound is clearly similar to the saframycins and possesses broad-spectrum antibacterial activity. Structure 1 is given to EM5519 on the basis of chemical and spectroscopic studies*, including fast atom bombardment (FAB) mass spectrometry (MS), and by analogy to the closely related compound safracin A (3) and to safracin B8,9). In connection with these studies, we also examined the properties of model quinone compounds by FAB MS**. We observed (M+H)+ ions, together with abundant (M+2H) and (M+3H)+ ions corresponding to the molecular ion and the protonated molecule of the hydroquinone, respectively. Similar observations have been recently reported for field desorption mass spectra of other quinone antibiotics although no details were given10). The apparent reduction of saframycin R under FAB conditions has also been noted11). We studied the conditions of quinone to hydroquinone reduction as evident from the positive and negative FAB MS of these quinones. Details of these results in combination with high resolution and mass spectrometry/mass spectrometry (MS/MS) data aided in the assignment of structure 1, the details of which are presented herein.
as Ja,d=2.8, Jb ,d=0.0, Ja,b=17, Ja,c=11.0, Jb ,c=4 Hz. As in the cases of reported saframycinsl2), the magnitude of the coupling between
Hg and Hd over five bonds is consistent with such long range coupling for a homoallylic system"). This requires that Ha and Hd be orthogonal to the quinone ring and thus permits stereo-chemical assignment of Ha and Hd.
13 C NMR spectral measurements were taken on the N-acetyl derivative of 1, namely compound 2. The assignments of the carbons were determined using the INEPT14) technique. Assignments were made by comparison to 13C NMR data of saframycin A (4)2) and saframycin S (5)15). These data are presented in Table 2 , and it is apparent that a close similarity exists. It should be pointed out that both saframycin S (5) and compound 2 exhibit a carbon resonance at ca. 82 ppm that is assigned to the C-21 carbinolamine carbon. When the C-21 is substituted with a cyano group as in 4, the C-21 resonance is shifted to 58.3 ppm. Only two quinone carbonyls appear in the spectrum of 2 at 5 187.5 and 182.3 and are attributable to the C5 and C8 carbonyls respectively.
One of the rings is reduced and the 13C resonances indicate a tetra-substituted phenol.
Tie positive FAB MS (8 KeV Xe°; thioglycerol matrix) of compound 1 ( Fig. 1 ) and compound 2 ( Fig. 2 ) showed ions at m/z 525 and 567, respectively. High resolution analysis of the 525+ ion yielded 525.2703, requiring a molecular formula of C28H37N4O6 (calcd 525.2713). Ions at m/z 523 (50 % relative intensity to 525+) and at m/z 565 (25% relative intensity to 567+) were initially attributed to H2 loss from their respective parent ions. These ions, however, varied with changes in solvent (thioglycerol, glycerol, tetramethylene sulfone), the total fast atom flux, and the analysis time. These factors, along with other spectroscopic data, led us to consider the origin of these ions.
In order to accomodate the above results with the proposed structure we suggest that 1 is partially converted to the hydroquinone form under FAB conditions. The hydroquinone then fragments according to the scheme given in Fig. 3 . The protonated molecule of either the quinone or hydroquinone form of 1 was not observed (expected 541+ and 543+, respectively). Loss of H2O from these parents yield ions at 523+ and 525+. The (M+2H)~ ion (expected m/z 542) was also not seen but contributes by OH • loss to the 525+ fragment. High resolution analysis of the daughter ions supports the fragmentation scheme presented. The daughter ions at m/z 204 and 425 are analogous to those proposed by IKEDA9), while the 218+ ion is assigned a different structure based upon high resolution analysis. These fragmentations confirm the locations of the quinone ring and the tetra-substituted phenol ring with respect to each other and eliminate the possibility of reversal.
The closely related compound') safracin A (3) (see Fig. 3 ) was distinguished from I by the presence of parent ions at m/z 525 and 527. High resolution of the 525+ ion of 1 (525.2703) and of 3 (525.2737) failed to distinguish the two structural forms. This is expected in light of their common molecular formula (C28H37N4O6, calcd 525.2713). A distinction of the two related compounds from their mass spectra alone is difficult due to their extreme similarity, the presence of both oxidized and reduced forms of each, and chemical noise common to FAB spectra.
These difficulties were overcome using two stages of mass spectrometry (i.e., MS/MS) 16, 17) . Massanalysis of the 525+ ion, collisional activation, and subsequent kinetic energy analysis of the resultant daughter ions yield MS/MS spectra of 1 and of 3. These spectra are shown in Fig. 4 and illustrate the distinguishing features of these isomeric forms. The relative daughter ion intensities of 218+/204+ differentiate 1 (ratio=0.5) from 3 (ratio=2.0). The resultant ion formed by direct protonation of the quinone form of 3 differs from that generated by water loss from the hydroquinone form of 1. These differences are reflected in their rates of dissociation, and hence, in their relative daughter ion intensities.
Such a distinction of the 218+/204+ daughter ion ratio is extremely difficult from their conventional mass spectra due to the presence of solvent background. showed one and two electron reduction potentials While it is difficult to quantify these relationships, the trend is evident. Quinones with low reduc- 
